Abstract To investigate the long-term clinical results of proximal row carpectomy for treating chronic wrist injuries, we collected the postoperative results of ten patients who underwent this procedure between 1978 and 1996. The evaluation was based on Gartland and Werley and modified Green and O'Brien scoring systems. The follow-up ranged from ten to 29 years. Nine patients could perform daily activities properly, two experienced occasional pain and one moderate pain. Eight patients were rated as excellent, two were good, while none was fair or poor by the former scoring system. Seven patients were rated as good, three were fair and none was excellent or poor by the latter scoring system. No apparent degenerative change was found in the radiocapitate joints apart from a slight change in one patient. The operation is a dependable and durable procedure that results in satisfactory pain relief, improved functional wrist motion and grip strength, allowing most patients to resume their previous work.
Introduction
Since the first report of Stamm on treating chronic wrist injuries and ischaemic necrosis of the lunate with proximal row carpectomy, the procedure has become an approach in treating chronic injuries and functional restoration of the wrist thanks to its capacity to relieve pain and enhance range of motion and grip strength. Nevertheless, this procedure has long been somewhat controversial, being considered as a "salvage procedure". Criticism includes postoperative loss of grip strength, unsatisfactory range of motion, prolonged rehabilitation time and the potential for progressive painful arthritis.
So far, there have been many different surgical procedures which are used in treating wrist injuries; however, proximal row carpectomy still has not been replaced. Many studies have evaluated outcomes of the procedure with differing results.
Methods
We performed a retrospective review of 12 patients who had undergone proximal row carpectomy for the treatment of some chronic wrist injuries in our hospital between 1978 and 1996. Ten of them were followed up for a duration of ten to 29 years (16.5 years on average).
The operations took place three to 25 months following the injuries (average: 13.5 months). The scaphoid, lunate and triquetrum were excised with the pisiform retained in all cases. A horizontal incision was made along the dorsal line between the ulnar and radial styloids. The skin and the subcutaneous layers were incised to the dorsal extensor retinaculum of the wrist. The proximal scaphoid was exposed by division of the dorsal radiocarpal ligament. After the ligaments of the triquetrum adherent to the ulnar carpal capsule and the palmar radiocarpal ligament were excised, the triquetrum was removed, followed by the lunate and scaphoid. After excision of the proximal carpal row, the capitate was located in the centre of the lunate fossa. Passive wrist flexion and extension were done in neutral and slight radial deviation to detect impingement of the trapezium against the radial styloid [1] . No patients required radial styloidectomy. The carpal capsule was then repaired, the wound closed and pressure dressing applied. Postoperative immobilisation with plaster in a neutral wrist position varied from four to six weeks.
Clinical assessment was performed with two scoring systems. The Gartland and Werley scoring system [2] is ranked according to points given on the basis of four indicators: residual deformity (0-3 points), subjective evaluation of pain and disability (0-6 points), range of motion (0-5 points) and complications (0-5 points), including arthritic change, median nerve complications and finger stiffness. The modified Green and O'Brien [3] system was also employed in our study. This 100-point scale has four categories, with 25 points allocated equally to pain, functional status, range of motion and grip strength (Tables 1 and 2 ).
The subjective evaluation including pain and functional status was carried out by the first two authors through questionnaire about pain and disability according to the index description of the two scoring systems on all of the patients who returned to the outpatient department of our hospital for review. The objective evaluation was made possible by careful observation of the affected wrist such as residual deformity and complications. The first two authors used the same goniometer to measure range of motion of the affected wrist, including palmar flexion, dorsal extension, ulnar deviation and radial deviation (Fig. 1) , to obtain the percentage of normal status (normal range of motion of wrist joint) in every patient. The Jamar grip meter was used three times in each hand of the ten patients and the average grip score was calculated individually to reveal the percentage of grip strength of the affected side compared to the healthy side. Postoperative anteroposterior (AP) and lateral X-ray films were taken in all patients and evaluated by the first two authors and the corresponding author to assess the extent of inflammatory change of the wrist according to the evaluation standard given in the Gartland and Werley scoring system [2] .
Results
The study group included five male patients (42%) and seven female patients (58%) with an average age of 39 years at the time of undergoing the surgery (range: 21-54 years). Three cases (25%) had operations on the left wrist and nine (75%) on the right, with nine involving the dominant side and three involving the non-dominant side. Underlying conditions included: six chronic fractures of the scaphoid accompanied by trans-scaphoid perilunate fracture dislocation, three trans-scaphoid perilunate fracture dislocations accompanied by ischaemic necrosis of the scaphoid, two perilunate dislocations and one case was advanced-stage Kienböck's disease (Lichtman IIIA). Ten patients completed the whole follow-up procedure and two (16.7%) were lost to follow-up. They were one 40-year-old male patient and one 54-year-old female patient. Both of them had operations on the right dominant side wrist after chronic fractures of the scaphoid accompanied by trans-scaphoid perilunate fracture dislocation.
The average age of the ten cases was 52 years at the time of review (range: 45-61 years). They had chronic wrist pain preoperatively, and their range of motion was reduced to different extents compared with the healthy side. After undergoing carpectomy, none needed secondary surgery to treat failure of the procedure.
Gartland and Werley scoring system
According to this system, none of the ten cases showed postoperative residual deformity or loss of motion upon objective evaluation. One case complained of lower radioulnar pain (1 point). Median nerve complications or reduced digital function were not found in any cases, apart from a slight inflammatory change of the wrist joint (1 point) in one patient (10%). As revealed by the subjective evaluation, one patient experienced occasional postoperative pain and moderate limited wrist motion (4 points), and two had occasional pains and slightly limited wrist motion (2 points). Generally, eight patients (80%) were rated as excellent (0-2 points), two (20%) were good (3-8 points), while none were rated as fair or poor (Table 1) .
Modified Green and O'Brien scoring system
According to this system, two of the ten patients (20%) had occasional pain (20 points), one (10%) had moderate but tolerable pain (25 points) and none experienced severe pain. The postoperative function allowed nine patients (90%) to resume their previous occupations or retire normally afterwards, with only one (10%) exception, whose work was constrained by the "moderate pain". By measuring range of motion and calculating the percentage we found a 75-99% wrist motion compared to the normal range in all patients (15 points). Evaluation of grip strength showed that 75-99% of the grip strength on the healthy side was restored on the affected side in all patients (15 points). Eventually, seven of the patients (70%) scored 80 points, rated as good, three (30%) scored 65-79 points, rated as fair, and no one was rated as excellent or poor ( Table 2) .
Discussion
The two scoring systems are both easy to use and scientific for assessing different wrist problems after operation and thus increasingly cited recently [4] . No statistical analysis was attempted because of our small sample size, yet a few meaningful recommendations are made possible through long-term follow-up and strict evaluation with the two systems.
In addition to removal of the diseased carpus and the non-fitting joint, proximal row carpectomy helps to create a "ball-and-socket joint" between the lunate fossa of the distal radius and the capitate (radiocapitate joint). The motion of the capitate on the radius is rolling with a moving centre of rotation due to the different curvature of the lunate fossa and the capitate, viz. hinge-plus-rotation motion [5, 6] , which may reduce the distal loading upon the radius and thereby relieve pain to some extent. Salomon and Eaton [7] and DiDonna et al. [8] reported that symptomatic degeneration did not necessarily occurr in the radiocarpal joint after proximal row carpectomy. Inglis and Jones [9] followed up eight cases and observed absence of apparent radiocarpal degeneration as long as 37 years after the procedure. Similar outcomes (only one patient showed a slight inflammatory Fig. 4 Female patient, who underwent proximal row carpectomy in the right wrist (dominant side) at the age of 23 years, with utmost motions of her wrist on both healthy and affected sides 29 years after the operation. a Ulnar deviation. b Radial deviation change in the radiocapitate joint) are also evident in our study (Fig. 2) . Our study showed that despite flattening of the capitate or narrowing of the radiocapitate space, patients can achieve good satisfaction with reduced wrist pain.
Another approach for treating chronic wrist injury is limited wrist arthrodesis, which may reduce wrist pain and deformity; however, it leads to significant decrease in the range of wrist motion. Tomaino et al. [10] found no significant difference in the pain scoring between 15 cases that had undergone proximal row carpectomy and nine cases that had undergone scaphoid excision and limited midcarpal arthrodesis according to the Bach Pain Score Standard [11] . In a similar comparison, Wyrick et al. [12] reported that nine of 11 patients undergoing proximal row carpectomy and wrist arthroplasty experienced no postoperative pain and two had minimal pain, while ten of the 18 receiving scaphoid excision and limited carpal arthrodesis were free of pain, two had minimal pain, one moderate pain and five severe pain. In our study, seven cases were painless on activities of daily living postoperatively, two experienced occasional pain and one complained of moderate pain when performing heavy labour, but none of them required analgesic medication.
The patients had good recovery of their wrist muscle strength, although it was weaker compared with the unaffected side, which could be a result of the relative lengthening of the wrist tendons after proximal row carpectomy. Grip strength was enhanced to 75-99% of the healthy side post-operatively, and there was no complaint of objective weakness in the wrist. Early and medium postoperative muscle strength increases may be attributed to relief of wrist pain [13] . The grip strength of our patients improved over a long time, most of them (90%) were able to continue their previous work.
Range of wrist motion at the time of the last follow-up had considerably increased compared to that prior to surgery. Although unable to restore 100% of the normal status, all of the cases achieved a 75-99% restoration. The lost range of radial deviation and palmar flexion was relatively greater, while the other movements recovered well; accordingly all of the cases could basically perform activities of daily living.
Therefore, the procedure of proximal row carpectomy is not significantly different from limited midcarpal arthrodesis in terms of pain relief. However, the former can maintain the motion of the wrist joint which is preferable, and radiocapitate joint arthrodesis can still be applied in cases when proximal row carpectomy fails or wrist pain continues postoperatively [14, 15] . Severe pain was absent in our study, where the patients were basically able to perform their daily activities, without needing further carpal arthrodesis. Furthermore, a recent study found that the rate of complications such as carpal tunnel syndrome was higher and the duration of hospital stay was longer in the arthrodesis group [16] . We thus believe that proximal row carpectomy should be preferred if both procedures are indicated. Only in specified situations, such as for patients carrying out heavy manual work, do some researchers recommend midcarpal arthrodesis due to the better grip strength postoperatively [17] .
Proximal row carpectomy is currently considered as a suitable surgical solution to chronic wrist injuries, such as chronic scaphoid facture, trans-scaphoid perilunate fracture dislocation, perilunate dislocation and ischaemic necrosis of the lunate bone [18, 19] . Our findings support the view that chronic wrist pain caused by chronic wrist injuries as an indication for the procedure. Chronic wrist injuries are often complicated by serious local disuse osteoporosis and usually cause damage to the neighbouring intercarpal ligaments, leading to compromised blood supply to the carpus; these factors limit options of other procedures. As a result, proximal row carpectomy or limited carpal arthrodesis is the only choice for some younger patients. Three of our patients were aged less than 30 years at the time of surgery, including one case followed up for up to 29 years (Figs. 3  and 4) . The procedure afforded all of them satisfactory functional outcomes.
As our evaluation and analysis indicate, proximal row carpectomy is helpful for reducing wrist pain and improving grip strength and wrist function. It is a feasible solution and can lead to favourable long-term results in treating some chronic injuries of the wrist.
